Introduction {#Sec1}
============

Obsessive-compulsive disorder (OCD) is a neuropsychiatric condition that affects 1--2% of the population world-wide and is characterized by intrusive, recurrent thoughts, feelings, and ideas (obsessions) and/or repetitive actions, often aimed at reducing tension or anxiety accompanying obsessions (compulsions) (American Psychiatric Association [@CR4]; Fontenelle and Hasler [@CR17]).

OCD is phenomenologically and etiologically heterogeneous (Mataix-Cols et al. [@CR36]). Phenomenologically, OCD-affected individuals vary widely with respect to symptom type (e.g., hoarding vs. cleaning), symptom severity, age of symptom onset, and comorbidities (e.g., tic disorders, depression, grooming disorders, etc.). Further, genetic epidemiology studies suggest that OCD is genetically complex, with multiple genetic and environmental factors contributing to its development (for an overview: see Pauls [@CR42]). The heterogeneity of OCD symptoms may contribute to the difficulty in identifying susceptibility genes that confer vulnerability to specific components of the disorder. It may also dilute findings emergent from other etiological, clinical, and treatment studies. One of the various approaches to minimize OCD heterogeneity that has received support from neuroimaging, treatment, and genetic studies is the use of symptom-based rather than disorder- or syndrome-based constructs, based on the belief that underlying symptom dimensions may reflect more etiological homogeneity than a global OCD diagnosis (Mataix-Cols et al. [@CR35]).

Obsessive-compulsive (OC) symptomatology is predominantly measured with the Yale-Brown Obsessive Compulsive Scale (YBOCS), which includes an assessment of OC symptom severity and a symptom checklist (YBOCS-CL) containing 45 obsessions and 29 compulsions within 15 predefined symptom categories (Goodman et al. [@CR19], [@CR20]). To reduce the phenomenological heterogeneity of OCD, several factor analyses have been performed using the YBOCS-CL (Baer [@CR5]; Cavallini et al. [@CR9]; Cullen et al. [@CR12]; Delorme et al. [@CR13]; Denys et al. [@CR14]; Feinstein et al. [@CR15]; Girishchandra and Khanna [@CR18]; Hasler et al. [@CR24], [@CR25]; Kim et al. [@CR29]; Leckman et al. [@CR32]; Mataix-Cols et al. [@CR34], [@CR35], [@CR37]; McKay et al. [@CR40]; Pinto et al. [@CR43]; Stein et al. [@CR50], [@CR51]; Stewart et al. [@CR53], [@CR54]; Wu et al. [@CR59]). The majority of these studies identified three or four main symptom dimensions based on factor analyses of 13 symptom categories, rather than using individual items within categories. This is likely due to methodological constraints and concerns about small sample sizes. A recent meta-analysis of twenty-one symptom category-based factor analyses identified four OC symptom dimensions: (1) symmetry obsessions; counting, ordering and arranging compulsions; (2) obsessions and checking (aggressive, sexual, religious and somatic obsessions; and related checking compulsions); (3) contamination/cleaning, and (4) hoarding (Bloch et al. [@CR7]).

Although clinically useful, the category-based approach to factor analysis is limited by the fact that individual symptoms have been grouped into predefined YBOCS-CL symptom categories (designed to fit a presupposed theoretical model), which may not actually cluster together if assessed separately. In addition, the YBOCS-CL "miscellaneous" obsessions and compulsions categories are usually excluded from category-driven analyses, limiting complete data availability for analyses of the OCD phenotype. Therefore, symptom dimensions resulting from category-driven analyses may have biases that are not present in item-driven analyses (Denys et al. [@CR14]; Feinstein et al. [@CR15]).

To address this limitation, eight studies (Table [1](#Tab1){ref-type="table"}) have been published on exploratory factor analyses using individual items from the YBOCS-CL (Denys et al. [@CR14]; Feinstein et al. [@CR15]; Girishchandra and Khanna [@CR18]; Hantouche and Lancrenon [@CR23]; Pinto et al. [@CR43]; Stein et al. [@CR50]; Stein et al. [@CR50], [@CR51]; Wu et al. [@CR59]). Although the factors identified in these studies partially overlap with category-based factors, a key difference is that nearly all item-based analyses report 5 rather than 4 final factors: (1) symmetry and repeating, ordering and counting; (2) aggressive, sexual and religious obsessions; (3) contamination and cleaning; (4) aggressive obsessions and checking, and (5) somatic obsessions (Bloch et al. [@CR7]). Relationships identified to date between symptom dimensions and clinical characteristics include hoarding and older age (Samuels et al. [@CR45]), washing and female sex (Labad et al. [@CR30]), and all symptom dimensions and familiality (Hasler et al. [@CR25]).Table 1Exploratory item-level factor analytic studies in OCDStudySubjects\
*n*\# FactorsContamination/cleaningAggressive/harmSuperstitionsSomaticHoardingSexual/religiousSymmetryOthersHantouche and Lancrenon [@CR23]61517XXXXXXXXGirishchandra and Khanna [@CR18]2025XX (including checking)XX (including symmetry)XFeinstein et al. [@CR15]1604XX (including checking)X (including symmetry)XDenys et al. [@CR14]3355XX (including checking)XX (including symmetry)X (including aggressive obsessions)Wu et al. [@CR59]149 gen psych. patients + 805 controls3XX (including sexual/religious obsessions)X (including checking/arranging/counting/symmetryStein et al. [@CR50]4345XX (including sexual/religious obsessions)XX (including symmetry)X (including aggressive obsessions)Pinto et al. [@CR43]4855XX (including checking)XX (including aggressive obsessions)XStein et al. [@CR51]4665XX (including checking)XX (including symmetry)X

Although OCD is to some extent heritable, it is etiologically complex (Pauls [@CR42]). It has been suggested that OC symptom dimensions may be more heritable than OCD diagnosis per se (Alsobrook et al. [@CR3]; Hasler et al. [@CR25]). Although some studies examining the heritability of OC symptom dimensions have been published, this area has not yet been investigated comprehensively. There have been few clinical OCD twin studies, and these are limited by small sample sizes (less than 100 twin pairs). The only twin study examining heritability of obsessive-compulsive (OC) symptom dimensions used a population-based rather than an OCD-affected sample of twin pairs. This study identified three OC symptom dimensions, including rumination, contamination and checking, which all shared variation with one latent common factor (i.e., OC behavior). Variation within the common factor was explained by both genes (36%) and environmental factors (64%). Only the contamination dimension was influenced by specific genes and seemed relatively independent (van Grootheest et al. [@CR58]).

Another method of examining the heritability of a trait of interest (such as OCD) is to use a family-based approach, either via affected sibling pairs or pedigrees. This approach benefits from utilizing families that are enriched for the trait of interest. The pedigree approach has the additional advantage of statistical power, even with small samples, provided that families with multiple siblings and generations and distant relative pair relationships are included (Schork [@CR47]). Family-based approaches to examine heritability of OC symptom dimensions have, thus far, been wholly inconclusive. An early family study suggested that symmetry and ordering symptoms had a significant genetic component (Alsobrook et al. [@CR3]), and subsequent studies found significant intra-class correlations in independent sib pairs for symmetry/ordering and hoarding (Cullen et al. [@CR12]) and for contamination/cleaning and hoarding (Chacon et al. [@CR10]). In the OCD Collaborative Genetics Study, significant sib-sib associations were identified for four factors, with hoarding and taboo thoughts being the most robustly familial (Hasler et al. [@CR25]; Pinto et al. [@CR43]). At the same time, heritability for the one-factor OC symptom dimension model may be greater than that for any specific symptom dimension within other models. In a study of multigenerational families with OCD and hoarding, overall OC symptoms had higher heritability than hoarding symptoms, although both were heritable (Mathews et al. [@CR38]).

In summary, the utility of OC symptom dimensions as alternative phenotypes for genetic studies have not yet fully converged. Moreover, the heritability of OC symptom dimensions has not been fully examined. This study aims to: (1) identify homogeneous symptom dimensions via item-level factor analysis on a large heterogeneous OCD patient sample; (2) examine potential associations between identified symptom dimensions and selected clinical characteristics; and (3) conduct heritability analyses on identified factors in a subset of OCD families.

Methods {#Sec2}
=======

This project encompasses a joint venture between the Department of Psychiatry of the University of California in San Francisco, the Department of Psychiatry of McLean and Massachusetts General Hospitals at Harvard Medical School, GGZ Buitenamstel Amsterdam, the Department of Psychiatry of the University Medical Center Groningen, the MRC Research Unit on Anxiety Disorders and the MRC/US Centre for Molecular and Cellular Biology, University of Stellenbosch in South Africa, and the Departments of Psychiatry, Neurology, and Laboratory Medicine at the University of Minnesota.

Participants included in factor analyses {#Sec3}
----------------------------------------

Data from the YBOCS-CL were pooled for analyses from 1224 study participants with a lifetime history of OCD based on DSM-IV criteria, collected at five sites: San Francisco (*n* = 124), Boston (*n* = 329), Amsterdam (*n* = 229), Stellenbosch (*n* = 393), and Groningen (*n* = 149). All diagnoses were established according to DSM-IV criteria (American Psychiatric Association [@CR4]) using the Structured Clinical Interview for Axis I disorders (SCID-I/P) (First et al. [@CR16]), the Mini International Neuropsychiatric Interview (MINI) version 5.0.0 (Sheehan et al. [@CR49]), or expert clinician diagnosis (Stewart et al. [@CR52]). The study was approved by the Medical Ethical Review boards of all participating centers. All subjects (in addition to the parents of minors) gave written informed consent for participation in the study.

OCD-affected probands from the San Francisco sample were recruited for previously described genetic and phenomenological studies (Chavira et al. [@CR11]). Subjects from Boston were patients recruited during a first admission to the McLean OCD Institute. A subpopulation of these subjects participated in a study of the effectiveness of intensive residential treatment for severe, refractory OCD (Stewart et al. [@CR52]). Subjects from Amsterdam were recruited from an anxiety outpatient clinic. Subjects from Stellenbosch were recruited by physician referral, media advertisements, the Mental Health Information Centre (MHIC) and the OCD Association of South Africa (OCDSA), as described previously (Hemmings et al. [@CR26]). The Groningen subjects were recruited for genetic and treatment studies of OCD by physician referral, media advertisements and the Dutch patient association for anxiety disorders. The majority of the study population (\>90%) was of Caucasian descent.

Participants included in heritability analyses {#Sec4}
----------------------------------------------

The subsample for heritability analyses comprised 52 OCD-probands from the San Francisco site and all family members for whom YBOCS information was available (*N* = 204, total *N* = 258). Families ranged in size between 2 and 55 individuals, with a mean of 5 persons per family. The families all consisted of individuals from a minimum of two generations (parent and child), with the largest family encompassing four generations. There were an average of 2.7 OCD-affected individuals per family (range 1 to 16) and 61.5% of the family sample was female. The mean ages at interview and at OCD symptom onset were 37.2 years and 9.1 years, respectively.

Participants included in regression analyses on clinical characteristics {#Sec5}
------------------------------------------------------------------------

In the analyses on the associations between gender, age at assessment and age at onset on the one hand and factor scale scores on the other, 1024 patients were included. In the analyses on relationships between familiality and factor scale scores, 353 patients were included (*n* = 124 from San Francisco, *n* = 229 from Amsterdam).

### Data collection {#Sec6}

All interviews were carried out by trained psychologists. The YBOCS-CL (Goodman et al. [@CR19], [@CR20]) was used to assess OC symptoms in all study subjects. Although debate exists regarding the quality of data generated by the YBOCS-CL due to limited availability of psychometric data, its length and representativeness with respect to the OCD phenotype, the scale is regarded as the gold standard in assessment of OC symptoms.. The items of the scale were completed by self-report. Each positively rated item was subsequently validated by interview. Items were coded as "0" when the patient never had the symptom and as "1" when the symptom was reported in the past and/or present. All 74 items of the original published version (Goodman et al. [@CR19], [@CR20]), including miscellaneous items, were used in analyses.

The Yale-Brown Obsessive-Compulsive Severity Scale (YBOCS-SS) (Goodman et al. [@CR19], [@CR20]) was used to assess worst ever (San Francisco) or present (Groningen, Amsterdam, Stellenbosch and Boston) severity of OC symptoms. In addition, age of onset of OC symptoms was determined. Family history of OC symptoms (i.e., the presence of OC symptoms in at least one family member) was recorded for the Boston and Amsterdam sites. No site data are available on inter-rater reliability.

### Analysis methods {#Sec7}

The distribution of all 74 YBOCS-CL items was examined. Ten of the items labeled "other" were excluded from analysis due to their heterogeneity (e.g., "other contamination obsessions"). The YBOCS-CL has two symmetry items: "symmetry obsession accompanied by magical thinking" and "symmetry obsession not accompanied by magical thinking". Since two sites did not make a distinction on presence or absence of magical thinking, one symmetry item was created for all patients. This resulted in the ultimate inclusion of 63 YBOCS-CL items in the exploratory factor analyses.

Exploratory and confirmatory factor analyses {#Sec8}
--------------------------------------------

Exploratory principal component factor analyses with varimax rotation (to produce the clearest distinctions between the resulting factors) were conducted on the 63 YBOCS-CL items using SAS (v9.1.3) with tetrachoric correlation coefficient estimates used for the item-level correlation matrix (via the % polychor macro). All available data were used in the analyses. The scree plot was examined, and only factors with an eigenvalue \>1 were retained.

Confirmatory factor analyses for models comprising 4--8 factors were then performed using Mplus (v4.2) to determine the model with the most parsimonious fit. The factor analysis estimation was based upon weighted least-squares estimates using a diagonal weight matrix. Items were assigned to a factor if they had a loading ≥0.4 on that factor. Items that cross-loaded (i.e., with a loading of \>0.3 on three or more factors), items that did not load ≥0.4 on any factor, and items that were unstable across models (i.e., loaded on very different factors from model to model) were omitted from the confirmatory analyses.

To establish the optimal number of factors and factor constitution for the best-fit model, the following fit indices were used: the chi-square fit-statistic, the comparative fit index (CFI), the Tucker-Lewis Index (TLI), the Root Mean Square Error of Approximation (RMSEA) and the Weighted Root Mean Square Residual (WRMR). Values of the CFI and of TLI approaching 0.95, values approaching 0.08 of the WRMR, and values of the RMSEA \<0.05 were used as accepted general indicators of a good fit (Browne and Cudek [@CR8]; Hu and Bentler [@CR27]).

In addition, a principal components analysis using the category-based approach with promax rotation was performed for purposes of comparison. For this analysis, missing items in the YBOCS-CL severity scale were imputed using Solas™ 3.2 (statistical solutions, ltd; Cork, Ireland) using predictive model-based imputation. Missing variables were imputed five times, yielding five complete datasets, as recommended by Schafer (Schafer [@CR46]).

Creation of mean sum scores {#Sec9}
---------------------------

Since the factor scores generated by a factor analysis are specific to their dataset of origin and are not readily generalizable to other datasets, mean scale scores for the resulting factors were calculated in the final model. This was conducted by dividing the number of items endorsed in the factor by the total number of items in the factor for each subject, resulting in a score between 0 and 1 for each factor. The total number of items endorsed by each individual (total sum score), which corresponds to a one-factor model, was also calculated. These scores were used in the heritability analyses and in correlation analyses with demographic and other clinical characteristics.

Heritability analyses {#Sec10}
---------------------

Heritability estimates and the corresponding significance levels were calculated for each factor sum score (corresponding to a five-factor model), the total sum score (corresponding to a one-factor model), and the YBOCS severity score. The Sequential Oligogenic Linkage Analysis Routine (SOLAR) statistical package, version 4.0.7 (Almasy and Blangero [@CR1]) was used, employing a variance component approach using information from all available family members across generations without assuming an inheritance model. The resultant heritability statistic (*h*^2^*r*) is based on a maximum-likelihood-based variance decomposition approach providing an estimate and a confidence interval that are based on the formula: *h*^2^ = VG/VP, (where VG is the additive genetic variance and VP is the total phenotypic variance). The proportion of variability in a quantitative trait due to additive genetic and environmental effects is thus estimated. The null hypothesis of no heritability (*h*^2^*r* = 0) is tested by using likelihood ratio tests to compare a "reduced" model (which assumes that none of the observed variation is explained by genes) to a "full" model (which assumes that some fraction of the phenotypic variation is explained by genetic factors). In addition, the degree of shared variance between two quantitative traits due to environmental factors (RhoE) and genetic factors (RhoG) is assessed (Almasy and Blangero [@CR1]). The genetic correlation between two quantitative traits, which is the component of the overall correlation that is due to pleiotropy (i.e., the effect of a gene or set of genes on both traits simultaneously), is obtained from the kinship information contained in the pedigrees. In contrast, the environmental correlation between two quantitative traits is obtained from the estimate of the individual-specific error (Greenwood et al. [@CR21]).

Factors that were deemed likely to affect heritability estimates of the factor sum scores, such as age at interview, gender and YBOCS total severity score were included as covariates in all analyses. To calculate heritabilities for each factor sum score independently of other factor sum scores, the other factors were included as covariates in the analyses of the individual factors. Since neither factor scale scores nor the total sum score were normally distributed, these variables were transformed using inverse normal transformations prior to calculating heritabilities. Pair-wise genetic and environmental correlations (RhoG and RhoE) with corresponding standard errors and significance values were calculated between the symptom factors and YBOCS severity score, and among the symptom factors to explore their etiological relationships. Since standard errors were not computable for factor 4 (superstitions factor containing miscellaneous items), bivariate analyses were not conducted between this factor and the other variables.

Age of onset, gender, familiality and age at assessment were modeled in multiple regression analyses with mean factor scale scores as the dependent variable.

Results {#Sec11}
=======

Demographic and clinical data are summarized in Table [2](#Tab2){ref-type="table"}. The total sample consisted of 1224 subjects, 50.5% (*n* = 618) of whom were female. Mean ages (±SD) were 33.8 ± 12.6 years at assessment and 16.0 ± 9.2 years at symptom onset (±SD). The mean total YBOCS severity score (±SD) was 22.6 ± 8.6. Data on family history were available for 431 patients, of whom 157 (36.4%) reported a positive family history for OC symptoms.Table 2Subject demographics and clinical characteristics by recruitment site*N*Sex (females) (%)Age at assessment (years)Age of OC symptom onset (years)YBOCS severity scoreYBOCS obsession scoreYBOCS compulsion scorePositive family historyBoston329(41.5%)32.4 ± 11.315.4 ± 8.227.9 ± 6.314.2 ± 3.513.7 ± 3.729.1%San Franc.124(46.8%)31.9 ± 13.88.8 ± 4.327.1 ± 7.313.7 ± 3.813.4 ± 4NAGroningen149(46.8%)38.7 ± 11.919.0 ± 10.617.4 ± 7.98.2 ± 4.49.1 ± 4.7NAS.Africa393(49.6%)32.2 ± 13.716.7 ± 9.919.0 ± 8.2NANANAAmsterdam229(56.3%)36.0 ± 10.916.7 ± 8.323.3 ± 7.911.4 ± 4.211.9 ± 4.748.2%Total cohort1224(50.5%)33.8 ± 12.616.0 ± 9.222.6 ± 8.612.1 ± 4.512.2 ± 4.6NA*NA* not available

The US samples included more males than the Dutch or South-African samples (*p* \< 0.001), had a lower age of onset of OC symptoms (*p* \< 0.001), and higher YBOCS total (*p* \< 0.001), obsession (*p* \< 0.001) and compulsion (*p* \< 0.001) subscale scores and less often had a positive family history for OC symptoms (*p* \< 0.001). Endorsement rates of individual items also differed between sites, being higher in US versus Dutch/South African subjects for all except 9 items, mostly encompassing miscellaneous items.

Item-level factor analyses {#Sec12}
--------------------------

In the initial exploratory factor analysis, there were 11 eigenvalues ≥1, accounting for 73.3% of the total variance, and 5 eigenvalues ≥2 accounting for 59% of the total variance. The first eigenvalue (17.45) accounted for 32% of the variance; the second (5.2) accounted for 10% of the additional variance. Examination of the scree plot and eigenvalues from the initial exploratory factor analysis suggested that the most likely best-fit models contained between 4 and 6 factors. Confirmatory factor analyses were conducted for 1, 4, 5, and 6 factors since the scree plot dropped abruptly after the first factor. Of the 63 items included in the exploratory analyses, 10 were omitted from the confirmatory factor analyses due to cross-loading (i.e., loading of \>0.3 on three or more factors), not loading ≥0.4 on any factor, or due to instability across models. These items included: "nonsense sounds", "bothered by certain sounds", "need to tell, ask or confess", "need to touch or rub", "rituals involving blinking or staring", "trichotillomania", "other self-damaging behavior", "excessive concern with illness/disease", "excessive concern with bodily part or appearance", and "checking tied to somatic obsessions". This resulted in the final inclusion of 53 items in the confirmatory factor analyses.

Fit indices for the 1, 4, 5 and 6 factor models are summarized in Table [3](#Tab3){ref-type="table"}. A five factor model demonstrated the best fit, explaining 59% of the variance. The five factors obtained included: (1) taboo (sexual, aggressive and religious symptoms), (2) contamination/cleaning (contamination obsessions and cleaning compulsions), (3) doubts (obsessions related to fears of having caused harm to self or others, and checking compulsions related to these fears), (4) rituals/superstition (superstitious obsessions and compulsions such as lucky numbers or colors, rituals such as ritualized eating behaviors, and mental rituals) and (5) hoarding/symmetry (hoarding obsessions and compulsions, symmetry, ordering and arranging compulsions, and symptoms related to fear of losing things or making an error). Cronbach's alpha coefficients ranged between 0.73 and 0.87, indicating good internal consistency of the factors, and scale intercorrelations ranged between 0.36 and 0.64 (all statistically significant at *p* \< 0.0001). Item loadings for the five factor model are displayed in Table [4](#Tab4){ref-type="table"}.Table 3Confirmatory factor analyses fit indices for the 1, 4, 5 and 6 factor solutionsNumber of factors in model1456CFI0.3840.7240.7460.742TLI0.7680.9020.9110.910RMSEA0.1140.0740.0710.071WRMR3.4242.3122.2030.2000χ^2^ (df)1168.21180.546 (4)8.959 (4)--*p*-value\<0.0001\<0.00010.0624--*CFI* comparative fit index, *TLI* Tucker-Lewis index, *RMSEA* root mean square error of approximation, *WRMR* weighted root mean square residualTable 4Factor loadings, eigenvalues and variance explained for the best fit, five factor modelFactor 1Factor 2Factor 3Factor 4Factor 5TabooContamination/cleaningDoubtsRituals/superstitionHoarding/symmetryForbidden/perverse thoughts, images, impulses**0.88**0.100.020.100.00Content involves children on incest**0.84**0.150.030.04−0.09Sexual behavior towards others**0.82**0.140.070.220.12Obsessions involving homosexuality**0.81**0.170.000.21−0.10Violent or horrific images**0.70**0.090.170.170.11Fear will act on unwanted impulses**0.70**0.000.380.050.14Fear of blurting obscenities/insults**0.66**0.080.310.000.21Fear will steal things**0.62**0.270.270.090.38Fear of doing something embarrassing**0.60**0.120.250.080.38Fear might harm self**0.58**0.090.200.260.10Concern with sacrilege/blasphemy**0.56**0.200.170.260.01Intrusive (nonviolent) images**0.52**0.140.01**0.41**0.12Concern with right/wrong, morality**0.48**0.140.300.280.10Concern with dirt or germs0.10**0.92**0.130.030.06Excessive/ritualized hand washing−0.04**0.88**0.150.160.01Other measures to prevent/remove contaminants0.12**0.81**0.100.190.03Concerns with bodily secretions0.27**0.78**0.160.080.01Cleaning household items/objects−0.04**0.74**0.060.150.26Excessive showering, grooming−0.03**0.73**0.020.250.24Excessive concern with animals0.23**0.73**0.100.100.17Bothered by sticky substances0.13**0.72**0.020.190.19Concern with household cleaners0.20**0.70**0.210.140.17Concern with environmental contaminants0.26**0.66**0.240.120.00Concerned will get ill because of contaminant0.26**0.62**0.330.12−0.02Concern about contaminants0.02**0.57**−0.20−0.070.17Checking that did not harm others0.320.10**0.81**0.12−0.02Fear will be responsible for something terrible happening0.190.10**0.76**0.150.08Fear might harm others0.370.20**0.73**0.050.09Checking that nothing terrible did/will happen0.250.13**0.72**0.270.06Checking locks, stoves, appliances−0.190.09**0.63**0.080.30Checking that did not make mistake0.060.16**0.60**0.15**0.44**Fear might harm others because not careful enough**0.59**−0.02**0.59**0.000.03Checking did not harm self0.370.27**0.53**0.250.15Concerned will make others ill0.29**0.490.51**0.10−0.06Superstitious behaviors0.200.200.14**0.76**0.08Lucky/unlucky numbers0.180.110.07**0.73**0.16Superstitious fears0.210.170.17**0.73**−0.02Need to repeat routine activities0.000.050.11**0.69**0.28Colors with special significance0.190.230.11**0.60**0.11Counting compulsions0.050.080.11**0.520.42**Ritualized eating behaviors0.210.23−0.02**0.48**0.33Mental rituals0.340.050.13**0.45**0.20Measures (not checking) to prevent harm or terrible consequences0.320.130.39**0.43**−0.04Ordering/arranging compulsions0.000.18−0.030.27**0.71**Hoarding obsesions0.250.170.040.12**0.63**Symmetry obsessions−0.030.18−0.070.22**0.62**Hoarding compulsions0.200.140.060.16**0.62**Excessive listmaking−0.09−0.060.11−0.12**0.59**Fear of losing things0.180.120.370.17**0.58**Re-reading, re-writing0.080.130.19**0.450.49**Need to know, remember0.340.100.150.30**0.46**Fear of not saying the right thing0.270.180.260.23**0.42**Cronbach's alpha0.850.870.810.740.73Eigenvalue17.55.23.92.92.1Variance explained (%)0.320.100.070.050.04Cumulative variance explained (%)0.320.420.490.550.58Numbers depicted in bold indicate items with factor loadings \>0.4 which were included in the corresponding factor in the calculation of the mean score per items for this factor

Categorical factor analysis {#Sec13}
---------------------------

Categorical factor analysis using 13 of the 15 predefined symptom categories, and excluding the miscellaneous categories, yielded 4 factors explaining 65.5% of the variance (data not shown): Factor 1: symmetry obsessions, ordering and arranging, counting and repeating compulsions; Factor 2: aggressive, sexual and religious obsessions and checking compulsions; Factor 3: contamination obsessions and cleaning compulsions; and Factor 4: hoarding obsession and compulsions.

Heritability analyses (Tables [5](#Tab5){ref-type="table"} and [6](#Tab6){ref-type="table"}) {#Sec14}
--------------------------------------------------------------------------------------------

All item-derived symptom factors were heritable when other symptom factors were controlled for, with heritability estimates ranging between 0.24 for the contamination/cleaning factor and 0.44 for the doubts factor. The total sum score (corresponding to a one factor model) and the YBOCS total severity score were also heritable, with heritability estimates of 0.39 and 0.52, respectively. Bivariate genetic analyses revealed shared environmental influences with YBOCS severity for all symptom factors, with estimates (RhoEs) ranging between 0.36 and 0.63. The hoarding/symmetry factor and the contamination/cleaning factor also shared genetic influences with YBOCS severity, with estimated (RhoGs) of 0.78 (*p* = 0.0005) and 0.48 (*p* = 0.04), respectively. The total sum score (one-factor model) showed shared genetic (RhoG 0.72, *p* = 0.002) and environmental (RhoE 0.57, *p* = 0.001) influences with YBOCS severity as well. Further, shared environmental influences were found between nearly all factors, with RhoE's between 0.28 (between taboo and contamination) and 0.66 (between doubts and hoarding-symmetry). Shared genetic influences were identified between 'taboo' and 'doubts (RhoG = 0.80) and between 'contamination/cleaning' and 'hoarding/symmetry'; RhoG = 0.77 (Table [6](#Tab6){ref-type="table"}).Table 5Heritabilities for the factors of the YBOCS-CL*H*^2^*r*SE*p*-ValuePhenotype: item-level derived factors Factor 1 (Taboo) factor scale score0.260.120.006 Factor 2 (Contamination/cleaning) factor scale score0.240.130.03 Factor 3 (Doubts) factor scale score0.440.120.00002 Factor 4 (Rituals/superstition) factor scale score0.340.160.009 Factor 5 (hoarding/symmetry) factor scale score0.350.120.001 YBOCS total sum score (one-factor model)0.390.150.004 YBOCS total severity score0.520.130.00005Phenotype: category-derived factors Factor 1 (Symmetry/counting)0.00NAn.s. Factor 2 (Aggressive/sexual/religious)0.580.170.00006 Factor 3 (Contamination/cleaning)0.320.140.006 Factor 4 (Hoarding)0.230.150.04Table 6Bivariate genetic analyses (*n* = 258)RhoGSE*p*-ValueRhoESE*p*-ValuePhenotype: item-derived factors/YBOCS severity Factor 1 (Taboo) factor scale score0.410.24n.s.0.360.150.03 Factor 2 (Contamination/cleaning) factor scale score0.480.190.040.410.140.01 Factor 3 (Doubts) factor scale score0.390.19n.s.0.440.140.009 Factor 4 (Superstitions) factor scale score0.150.41n.s.0.630.113.4 × e^−6^ Factor 5 (hoarding/symmetry) factor scale score0.780.100.00050.430.130.02 YBOCS total sum score (one factor-model)0.720.130.0020.570.120.001Phenotype: item-derived factors Factor 1 (taboo)/Factor 2 (contamination)0.260.34n.s.0.280.140.05 Factor 1 (taboo)/Factor 3 (doubts)**0.80**0.22**0.01**0.240.15n.s. Factor 1 (taboo)/Factor 5 (hoarding/symmetry)0.390.32n.s.**0.52**0.11**0.003** Factor 2 (taboo)/Factor 3 (doubts)0.500.22n.s.**0.41**0.13**0.02** Factor 2 (taboo)/Factor 5 (hoarding/symmetry)**0.77**0.17**0.02**0.380.130.05 Factor 3 (doubts)/Factor 5 (hoarding/symmetry)0.480.24n.s.**0.66**0.10**0.001***RhoG* shared genetic variance, *RhoE* shared environmental variance, *SE* standard error, *ns* not significant (*p* \> 0.05)

Of the categorical four factors, all factors except the symmetry factor were heritable, with heritabilities ranging between 0.23 and 0.58 (Table [5](#Tab5){ref-type="table"}). Bivariate genetic analyses revealed no shared genetic influences, but shared environmental influences were identified between 'obsessions and checking' and all other factors (RhoE's between 0.23 and 0.58; data not shown).

Regression analyses between factor scores and clinical characteristics {#Sec15}
----------------------------------------------------------------------

For all factors, increased scores were associated with earlier age of onset (Table [7](#Tab7){ref-type="table"}; β's between −0.24 and −0.12). Scores of the taboo factor were significantly higher in males than in females, and the taboo and symmetry/hoarding factors were negatively associated with age at assessment (β's of −0.21 and −0.12). No relationships were found between family history of OCD and factors.Table 7Multiple regression analyses of factor scores using gender, age at assessment, and age of onset of OC symptoms as predictorsMultiple regression model (*n* = 1024)*R*^2^Gender (*p*-value)Age at assessment (*p*-value)Age of onset (*p*-value)Factor 1 (Taboo) factor scale score0.0660.0010.003\<0.001Factor 2 (Contamination/cleaning) factor scale score0.023n.s.n.s.\<0.001Factor 3 (Doubts) factor scale score0.016n.s.n.s.\<0.001Factor 4 (Superstitions) factor scale score0.058n.s.n.s.\<0.001Factor 5 (Hoarding/symmetry) factor scale score0.039n.s.0.003\<0.001YBOCS total symptom score (one factor model)0.0530.038n.s.\<0.001

Discussion {#Sec16}
==========

This is the largest item-level factor-analytic and heritability study conducted to date for OC symptoms. The sample size of 1224 affected subjects provides analytic power previously unavailable for OCD symptom dimension research. Results support the assertion that both OCD and its symptom dimensions are heritable and, thus, are of value for use in future genetics research. They also raise the possibility that the genes and gene networks underlying common susceptibility to OCD differ from those underlying distinct symptom dimensions. Consistent with previous smaller item-level factor-analytic studies, five symptom factors have been identified, i.e.: (1) taboo (religious, sexual, and aggressive obsessions) symptoms, (2) contamination and cleaning symptoms, (3) doubts (fears of harming self or others, doubting and checking symptoms), (4) superstitions and rituals, and (5) hoarding and symmetry symptoms (including perfectionism). This symptom dimension model reveals substantial overlap with the factor structures identified in previous item-level analyses, (Denys et al. [@CR14]; Feinstein et al. [@CR15]; Girishchandra and Khanna [@CR18]; Hantouche and Lancrenon [@CR23]; Pinto et al. [@CR43]; Stein et al. [@CR50], [@CR51]; Wu et al. [@CR59]), with two key differences. First, somatic items did not load consistently on any of the factors, and second, the rituals/superstition factor is new, containing predominantly miscellaneous items excluded from most previous studies.

The first distinction between this and other item-level factor analyses that somatic items on the YBOCS-CL did not load consistently on any factors, is consistent with a recent study by Cullen et al. ([@CR12]). In the present sample, better fit and more stable solutions were obtained when somatic items were omitted from analyses. This finding suggests that some somatic items, although often clinically co-occurring with OCD, do not represent core OC symptoms and may contribute to observed phenotypic and genotypic OCD heterogeneity. Instead, the somatic items may be related to hypochondriasis, a frequently comorbid illness with OCD (Bienvenu et al. [@CR6]). Recent phenomenological and neuroimaging studies have shown a clear distinction between hypochondriasis and OCD, despite some shared phenotypic and brain function characteristics (Greeven et al. [@CR22]; van den Heuvel et al. [@CR57]).

The second notable distinction between this and previous item-level factor analyses is the emergence of a rituals/superstition factor. This is mainly comprised of items from the miscellaneous YBOCS-CL sections, which were excluded from past studies. However, it is unclear whether this new factor reflects either a subdomain of the OCD phenotype or a co-occurring symptom dimension that is more distally etiologically related to OCD. Although heritability was demonstrated for this dimension, and may potentially be of use for clinical outcome research, one might consider omitting this factor from future studies. Indeed, the inability to perform reliable bivariate genetic analyses using this factor, coupled with the difficulty of interpreting its symptom constituents illustrates a weakness of the YBOCS-CL, i.e. that over the years items have been added to the scale without investigating whether the items are in fact OCD-related, carrying the risk of introducing phenotypic bias.

This study provides evidence that OCD diagnosis may be dissected into non-mutually exclusive, consistent and homogeneous symptom dimensions, given the stability of symptoms within factors across models, the high internal consistency of the factors, and the high heritability estimates of the factors. Of note, the category-based factor analysis conducted on this sample yielded similar results to those previously reported in other samples (rather than being similar to the item-level analysis on this sample). Direct comparison of the item-level and category-based FAs in this study showed similarities only for the factors contamination/washing, and for the taboo factor of the item-level analysis and the obsession factor of the category-based FA.

Previous heritability studies that used category-based analyses predominantly used sib-sib correlations and yielded mixed results, especially with respect to heritability estimates of the symmetry/ordering factor (Chacon et al. [@CR10]; Cullen et al. [@CR12]; Hasler et al. [@CR25]). This study, in which the symmetry factor obtained using the category-based approach was not heritable, corroborates these inconsistent findings. Interestingly, consistent with the first categorical factor analyses in OCD (Baer [@CR5]), the item-level approach resulted in hoarding/symmetry behaviors constituting a heritable factor in this study. Moreover, this factor showed the highest genetic correlation with a latent or underlying OC susceptibility (as measured by YBOCS severity). This may be an artifact of the available family data, which contained a substantial number of hoarding families, or it may alternatively reflect a genuine relationship between these constructs. This finding, along with the other heritability results, requires replication in an independent sample. Further, the contamination/wash factor showed a significant genetic correlation with underlying OC susceptibility. Interestingly, the contamination and hoarding/symmetry factor showed significant genetic correlations as well, as did the taboo and doubts factor. This latter correlation corroborates previous work in college students and clinical samples strongly suggesting a heritable obsessionality factor strongly related to OCD (Mathews et al. [@CR39]).

Notably, although not providing the best statistical fit for the data, a one-factor model also emerged as a possible solution according to the eigen structure, as evidenced by the scree plot. The heritability analyses suggested that a one-factor solution was at least as heritable as the majority of the individual factors, and that although it shared genetic influences with YBOCS total severity, there were also independent genetic influences for this construct. Thus, although we did not directly test this, the results suggest that, in addition to individual genetic influences determining specific symptom expression, there may be a heritable underlying susceptibility to OC symptoms in general. These findings are in line with (1) a recent population-based twin study of OC symptom dimensions; (2) a family study of OC symptoms in extended families, both of which found evidence of one heritable underlying latent susceptibility to OC symptoms along with specific genetic contributions to OC symptom dimensions (van Grootheest et al. [@CR58]; Mathews et al. [@CR39]); and (3) with a parallel study on the same data set as used in this study, using latent class analyses, which showed that a three class solution provided the best fit, the classes only differing on level of symptom endorsement. These converging data suggest that OCD as a single entity is a valid model to attain to (De Lucchi et al. in review).

The negative associations between factor scores and age of onset are in concordance with previous research reporting a higher number of obsessions and compulsions and higher symptom severity in subjects with early onset compared to subjects with late onset OCD (Millet et al. [@CR41]). Higher mean scores on the "taboo" factor (aggressive and sexual obsessions) in men than in women is consistent with other reports as well (Torresan et al. [@CR56]). This predominance of aggressive and sexual obsessions among men with OCD holds across cultures (Jaisoorya et al. [@CR28]). Finally, overrepresentation of the "rituals and superstition" factor in men in this study has also been reported previously (Jaisoorya et al. [@CR28]), adding to reported gender differences with respect to phenotypic expression of OCD.

The main methodological strengths of this study include: (1) the large sample size; (2) the use of improved statistical methodology over some previous studies; (3) heritability analyses in large multigenerational families with multiple OCD-affected individuals, thus improving the precision of heritability estimates, and (4) generalizability of findings.

The heterogeneity of the sample and the potentially differential application and interpretation of the YBOCS-SC individual items across sites are the principal limitations of this study. No inter-rater reliability data were available across sites on the YBOCS-SC and therefore, substantial variability due to measurement error cannot be ruled out. Moreover, some sites measured current endorsement whereas others measured lifetime endorsement. Paradoxically, the sample heterogeneity may also be viewed as a principal strength. Although such heterogeneity may theoretically contribute to the instability of resulting models, the ultimate best-fit model was remarkably stable and most likely a result of the large sample size. The sample heterogeneity also increases generalizability of the findings to other OCD samples. Although the individual items within YBOCS-CL categories are not operationally defined, and their psychometric properties seem to be weaker than some other measures used in OCD research contexts, the YBOCS is arguably the most extensively used clinical assessment of obsessive-compulsive symptoms worldwide, and is easily completed both by OCD-affected individuals and clinicians. Use of this instrument in these analyses adds to the interpretability and accessibility of the results by clinicians using the YBOCS in their practice, and facilitates replication efforts on additional samples. An additional perceived study limitation may be the number of families available for the heritability analyses, which was relatively small compared to appropriately powered twin studies. However, the number and pedigree structures of the families included here have sufficient *a priori* power to detect heritability estimates of 30% or higher, according to Schork and Schork ([@CR48]). An advantage of this approach over a twin-family approach is that relatively small numbers of families are required, increasing the feasibility for a replication in subsequent studies.

In summary, in the face of an emerging need to refine the OCD phenotype for genetic, clinical and translational studies, these results provide evidence for ongoing utility of both the OCD DSM phenotype as a whole and of specific OC symptom dimension subgroups. An item-level derived five factor model accounts for a similar proportion of explained symptom variance as category-derived models. Moreover, supporting recently emergent twin and family study findings, heritability calculations suggest the presence of both common and distinct biologic underpinnings of OCD and its symptom dimensions. They bolster the current hypothesis that OCD is genetically complex, with multiple genetic and environmental factors contributing to its development.
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